THE ARGONNE INCINERATOR PROGRAM

Prosontod at tho Los Alamos }ooting of tho
Air Cleaning Sominar
Soptemboer 21-23, 1953

By W. A. Rodgor and D. C. Hampoon, ANL

Tho baslc program for tho investigation of tho oporation of tho
Argonno Active Wasto Incirerator has boon completod, and the two primary
objoctives of this program havo bocn succossfully accomplishede Thoy are:

First, to dosign and construct an incinorator which would safoly
and oconcnically rcduce the volumo of ccmbustible radioactive waste that
is produced at Argonno National Laboratorye. The incinorator's capacity
of 100 cubic feot of normal wastos por 8«houv day is more than zmple to
handle the daily accumilation of wastes. ‘The radioactivity of tho exhaust
gas frcaa tho incinorator has, under normal combustion conditions, boen
consistently below the exhaust gas tolerance spescifiod by Health Phyaics
and has in nmost casos contained leoss imnediately measured activity than
that found in normxl surrounding aumosphere.

. Sccond, to dotexmine and make the nodlficationo in the equipment

and flouwsheot that Wero nocessary to obtain maxinwn officlency throupghout
the systome. Theso modifications wera the rosult of the data obtained in
the oxporimental phase of this program and have resulted in a 50 per cent
increase in combustion rate and in an incroease of A.E.Ce filter life from
6 hours por {iltor to more than 60 hours por filter. The maximum over-all
decontanination factor fr%m feod to exhaust gas for the presont oporating
conditions is 2 to 3 x 10/, ,

: A shown by the over=all decontamination factors and by the fact

* that tho offluont oxhaust gas contains less than tho patural activity of the

surrounding atmosphora, the incinorator systom is able to handle higher

levela of activity than used in those yuns to which aotivity was added

- (mwaximun of about 1021 disint./(aine ){(cu.fte) since the effluent gas fraa

these high lovel runs wag a factor of 20 lower than tolcorancee Howeovor,

on tho basis of tho high background activity rcadings oncounterod during

these runs, it is apparont that romots charging, ash rumoval, and additional

ghieldingz of the furnaco cono and ash barrel would have to be providod to
onablo such levols of sctivity to bs handlcd routinoly.

Tho incinorator cquipmant consists of a typoe 330 stginless steel
incincrator bedy in vhich tho rmatorial is burned in tho presence of oxress
aiy; a Schrajforw-partolucci vano plato washor, in which large particlos of
fly ash cro ronovcd; and a gocondary zerubbing unit consisting of a Poaso~
Anthony Vonturi and & Poabody scrubber in which tho gas-borne radioactivity
is norrally roduced to within tolorancoe Final clean~up is acccomplishod
by an A.E.Ce. filtor which 13 capablo of romoving radioactive particlas to
%cll wvithin tho minimun toloronco lovols spocifisd by this Laboratoryts
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Radiolopgical llhysics Division (2 x 103 bota disint./(min.)(cu.m.) and 70

alpha disint./(min.)(cu.ms))s Whon roplacemont is nocossary, tho loaded

filtor is bwrned in tho furnace. Fram tho filter, the gases aro drawn

through a positive displacomont blowor which moves tho gas stroam én to

the dischargo stack cn the roofe Tho ash resulting fran’ combustion falls
through a grato systom and sstitles through water locatod in tho cono in .
tho baso of tho furnace into a canvaa bag filtor inside of a stainloss

stool drume. Tho bag and its contonts aro ronnoved from tho systom, dowatersd,

and thon storod.

Sampling of the gas stroam to detormino the officiancy of ocach
pioce of cquipmont was carried out in two ways. Tho first mothod was
based on theo total amount of activity enteoring and loaving ceach unit.
The socond mothod was based on the total amount of particles (basod on
weipght) entoring and leaving a unite Ixperimeontal results have shown

that those two mothods produce nearly equal results, at least in the less-

than-2 p particle sizo rangoe

Tho gas stroam was also monitored aftor it passed through the
finil unit of tho cleaning train (A«E.C. filtor). This monitoring, based
on radioactive counting of particulate matter, holps to insure safc operae
tion of ths incinerator with respoct to the total amount of radionctivity
discharged to the atmosphero.

In cases whoro the gas temporature was too high (above 200°F)
%0 allow uso of collulose filter papor (Watman #lli), a spocial fibor glass
filter was usode Tho only samplc point whoro this modla 18 necessary is
“prior to tho Schroier-Bartolucci scrubbere Hera, in addition to high
temporatures, a hoavy particle loading is encountored. In order to be on
a comparable basis, both influont and efflusnt gas camples around tho
Schroior«Bartoluccl scrubber wore taken with the sare mediae

Isokenetic samples wore taken with a sample probe or head which
was insertod dircctly into the gas duct through a 2ninch open1ng. Stairmand
discs wore used prior to each sample pointe

Aftex tho sarple has beon takon, the filter madia was removed
and the radiocactive count detcimined by, use of Bradley Proportional Countorse.
The lou level samplos (less than 1 x 10 beta cte/min. per papsr) wvere
counted by moana of PC-2 cowntors and the high level semplss (greator
than 1 x 1C4 bota ct./nine per papor) were counted in PC-~l countora. The
counting time varied from 1 to 10 minutos doponding on activity level.

Both countors have 62 par cent yicld.

Por woipht doterminations, the saplo mediwa was dricd and woighed
prior to and following tho sanplinge Both wolight efficloncies arnd activity
officioncios can bo dotermined on each samplo. Efficloncies aro bazcd on

-tho influont and offluont particulateo concontration in tho gas at cach unii
of tho scrubbing traine Tho experinonta). propram that wag carried out
invostipgateod tho major oporating variables of the gus cleaning traine Tho
salient rosulis obtninod from this inveutigalion aro as followa:
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Tho decontmaination factors producod by thu furnace itsolf varied
from 150 to 300. It should bo noted that this docontamination factor is
significantdly difforont from that proviously roportod by KAPL (about 2000) «
Privato comnunications indicato that tho originally roportoed fipure of
2000 was in orror by a faclor of 10, and tho two sitos are in agreament
that 200 is a rvalistic valuo for tho furnaco docontamination factor.

Ao it was nol feasiblo to sample tho gas stream botwecon tho Poaso-
Anthony Venturl scrubbor and tho Poabody scrubbor, tho radioactivity removal
officioncy was detemalned around the Peago~inthony VenturiePoabody scrubber
couple at a constant wator tomporaturo and flow rate to the Poabody scrubbar.

The scrub solution to gas ratio in the Vonturi was variod botwoon
Le7 and 1,5.6 gal./min. por 1000 cu.ft./mine The most effoective flow ratio
was about 20 gallons of scrub solution per 1000 cubic foot of gas.

The efficioncy of the Venturl is indirectly proportional to
temporature of the scrudb solution over the range of 64°F. to 148°F.

Tho use of steam injection to enlarge ths particles by moans of
the condonsation nuclol principle was also investigated. Steam uas intro-
duced into the duct leading to the Poase-Anthony scrubber about 12 inches
upstream from the Ventwri throat.

In goneral, it wao found that for a given Venturi scrub soclution
tomperaturo, particle removal officioncy was about 50 per cont greator
with stoam injoction than without steam up to tomporaturos at which effi=~
ciency foll off rapildly with no stéam (about 1LO to 110°F., rospoctively,
with and without scrud solution in the Peabody scrubber)e. Above thase
tomperatures, removal efficiency with steam injection decroeased only slowly
as tho scrub tomperature was further increased compared to a rapid decreasc
in efficiency in the absence of steame

. " As long as the plates in the Peabody scrubber are kept covored with
scrudb solution, noither the scrub solution tonper&turﬁ or rato affects tho
officioncy of this unit betwoen 100%F to ML5°F and 2.5 to 7.0 gale/mine

' Tho officiency of ths Poabody scruvbbor is proportional to the nmurbaxr
of wot plates botwoon zero and three plates; the addition of a fourth wotted
pPlato dods not appoar to increase the efficiency of this unit appreciablye

It appearz that tho officioncy of the Schreier-Rartoluceld scrubber
iz dopondont vpon tho naturo or size of the particulato boing fed to it
The -officioncios varied frcoa 25 por cent to ‘75 por cent doponding upon the
typo of matorial being burncd.

Vory litile oxporimontal vwork has beon donoe to dotormina tho ovarw
a1 officloncy of tho A«E.C. filter ginco A. D. Littlo Company, vho designed
tho filtor, has deturmined that it in 99.5" por cont officiont on 03 to 1
micrea slzod particulate. This corrosponds to minimum docontamination
factor of L x 107, :
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Tho efficiency of tho filtor was checkod during ono of tho high
activity level runs, and an avoerage decontamination valuo of 2.6 x 103
was obtainod. This value corresponds to an officloncy of 99.96 por cente

The ovor-all docontamination factor for tho entiro éystom is pro-
portional to the lovel of activity in tho feed and rcachos a maximum value
of 2 to 3 x 107 whoxo it romains constant.

A summary of decontamination achieved by the incinorator compdhents

is;
Decontamination
Corponont : Factor

Furnaca _ " 2e2 X 102
Schroior-Bartolucei Scrubber l.2
Poaso~Anthony Venturi Scrubbor [}

AeE.C. Filter 2.6 x 103
Ovor-all . 3.0 x 107

In order to test the officioncy of tho gas scrubbing train on
atmosphoric dust, two exporiménts wore conducted in which air from outside
of the bullding was drawvn through the gas train. The conditions were the
gamo as during a2 normal combustion period except that no material was
burned. The rosults are as follows: -

Alr Intake, Air Exhaust
dismto/ diSinto/

(min.)(cuomne) ' (min.)(cu.ma)

Run 1 az 73 : g Background of
Counteor

g = 219 L0
Run 2 ase 393 . 208

P = 863 . 1k

P

I¢ is apparont, oince tho orhaust stack gas nomally contring
losa activity than tho natural radioactivity prosent in the surrounding
atmosphoro, that considerably lowor officiency could be tolorated through-
cut tho oystcne Thoe main valuo of incroasing tho over-all officlency io
4n docronsing tho Wdust" load to tho AeE.Ce Lfiltor, thoruby incroasing
its oporating lifoe Tho oxporinontal worlk on the VenturiePoshody couple
produced data which onzbled tho filtor 1ifo to bo oxtonded from one
8<hour day to ton 8B-hour deys. This ovor-all incrocso has reduced tho
coot of tha f£illor from $10.00/day to $L.00/daye

/
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The cost of incinoration of active waotos baned on 8~hour opora-
tion, and 24-hour oporation are as follows:

8-Hour " 24-Hour
“Direct Oporating Costs $1.78/cu.ft. $l.38[cu.ft;
?Ihprociation of Building and iqpipment $0.90[cu.ft. $0.22/cu.ft.'
| TOTAL $2.68/cu.1t. $1.60/cu. rt,

Theee values are direct out of pocket costs based on actual
operating figures. S '

At the time the incinerator program was originnlly sot up thore
vero two primary motivations to the program. One was to provide a means of
safely reducing the dbulk of the dry active waste for temporary storage at
thios nite; since ot that time no 8ite had been estadblished as either an
interim or long term Natiopal Burial Ground. The other was to pilot plant
the process of incinsration to obtain cost and operating data, since thero
was at the time widospreand end goneral interest in incineration as a unit
oporation,

The pilot program has been successfully corpleted and reported in
dotnil in AKI~5067. Oak Ridge National Laboratory bas recently boen will-~
ing to accept shipnent of all the polid wante from this Ioboratory and
indications are that tho arrangement can be continued for some time.

A coot analyois of tho first shipment of waste to ORNL indicated
that tho savings to be realiged by incineration of the combustible portion
of the vaocto wore only about ten conts/oubic foot over shipping all of tho
wabto an collected. . .

In viev of the curront man~powver nhorisge and in light of the above
focts, the incincrator progrem has been concluded and the equipment placed
in stenddy conditions T ' ,
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